In this chapter we show how a new type of nonlinear lattice excitation is helping to understand the long-standing puzzle of unexplained dark lines in crystals of muscovite mica. In fact, it was the conjecture that some kind of quasi-one-dimensional lattice soliton was responsible for those lines which led to the discovery of this new family of lattice excitations: mobile localized breathers of longitudinal type. We explore several properties of these moving breathers, both by numerical methods and by experimenting with analogue models. The results suggest a much broader application than just the mica problem.
Introduction
There has been a long standing problem of understanding track formation in some mica minerals. Works by Russell and co-workers [25] had identified mysterious dark lines in natural crystals of muscovite mica, such as shown in Fig. 1 . These are formed as a result of a local phase transition involving the precipitation of meta-stable dilutions of Fe and other impurity atoms. Track formation or recording processes of this type are normally thought to be triggered by energetic, charged particles (cosmic rays, particles from radioactive decay, etc.). However, most dark lines in mica cannot be explained in terms of charged particle tracks, although they closely resemble them. This prompted the conjecture of lattice solitons ("quodons") as the mechanisms forming the lines [20, 21] .
Recent studies give strong support to this conjecture. In [14] we showed for the first time how localized excitations of longitudinal type can move in a 2-D lattice. These lattice modes appear to be the mobile version of intrinsic localized modes [24] , more commonly known as discrete breathers. They are highly anharmonic and localized on just a few sites, and they propagate along lattice directions at sub-sonic speeds with a very small energy degradation. They are robust with respect to changes in the model, i.e., they appear in a wide range of lattices with different potentials. On the other hand they are not exact solitons, since they seem to interact nonelastically with other breathers. However, the loss of energy on collision frequently is small, so these pulses are reasonably robust.
We present here further studies of these moving breathers in systems with realistic potentials, obtaining a more accurate model for the problem of tracks in mica. It is now recognized that the phenomenon is highly generic, and we point to two possible applications in the areas of condensed matter.
Deciphering the lines in mica
Natural crystals of muscovite mica often are doped with iron and other trace elements such as Ca, Mn, Mg, and Ti. In a similar way to carbon in metallic iron, the iron (Fe) in mica is held in solid solution at the high temperature (about 800K) needed for crystal formation. Such crystals are formed in solidifying magmas deep underground. As the crystals slowly cool, the solubility of Fe in mica decreases and, depending on the initial concentration, it may reach saturation. If this occurs then further slight cooling results in a super-saturated state in which the crystal structure is metastable. Given the opportunity via some type of localized lattice perturbation, the structure will revert to the lower-energy stable saturated state, precipitating the excess Fe as an oxide. With further slow cooling, this solid-state phase transition continues until much of the Fe is eliminated from the mica lattice. During this later stage the precipitating Fe oxide accretes at the initial precipitation sites leading to massive growth or
